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AiT EXPERIMENTAL Investigation 03’ THE THRUST AND

TORQUE PRODUCED BY PROPELLERS USED AS

AFJiODY3TAMIC BELAKES

By I$illiam So IIedrick and William Mc Douglass

SUMMARY

This report presents the results of a wind--tunnel inves–
tig(ntion of pro~ellers operating at negative thrust. Nega.iive-
thrust ch2racte;*istics of two- and four—blade single pro-p,cllers

- and four-- and eight-blade d.u~l propellers were determined
Flight conditions were simulated by installing the propel;:rs
in a powered model of a high-speed airplane. .“...

Application of the results to several flight problems
j.llustrates the use of the presented data a:fidindicates the
utility of a,constant-speed reversed-pitch propeller as a
device to obtain s-peed control- Comparison of a constant-
speed reversed-pitch propeller with a typical dive flap shcws
that the propeller can produce a higher average deceleration
and a lower terminai velocity.

INTRODUCTION

The need for an adaptable speed control for airplanes
to meet the requirements imposed by weightO speed, and tact5.–

cal use of present-day aircraft is becoming increasingly
evident. With the advent of a quick-reversing mechanism for
propellers, the reversed-pitch propeller presents a possible

.?.. solution to many braking problemsa

Some of the existing means of speed control that have no’~
proved entirely satisfactory are spoiler flaps and flaps ex-
tended to negative angles- These brakes are seriously limited
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in 8ppliC8ti OXlo They are of no use for control in landing,
since they require relatively high forward speeds to be
effective. ~urtharmore@ a flap that produces enough drag
to be suitable for braking usually oaubes severe buffeting.
The use of a reversed-pitch propeller as a brake does not
entail these Undesirable features, but the effects on longi-
tudinal and lateral stability and on control are ret to be
investigated. S%rther, the high nogatlve thrust load of this
propeller will Impose structural problems that must be con--
sidered.

The present Investigation was made to determine the
thrust characteristics of two- and four-blade single pro-
pellers and of fou~ and eight-blade dual propellers in the
regton of negative thrust. It is also the purpose of this
report to show that revorse&pitoh propellers afford a means
of speed control that surpasses those now in USO.

APPARATUS AND METHODS

Propellers

All of the propellers te~ted were of Hamilton Standard
Conventional form, 6457A-6, embodying NACA 16-eerles soctioas
throughout, The blade-form characteristics are given in fig-
ure 1.

Both the sln~le and dual propellers were mounted in the
dual spinner (figs. 2 and 3), the single propeller being plnced
In tha rear hub. !l!hefront hub was keyed to the motor shaft
and drove the roar hub through reversing gears. Some details
of the dual spinner appear In figure 4.

Model

The propellers were installed in a powered model of a
midwing, single-engine, two-place airplane. The airplane is
of a type that would require some additional means of speed
oontrol because of its ta~tical purmoso. Some uertinent di-
mensions are given on the three-;ie;

..

Motor

Tho propellers wore driven by a

dr~wing (fig. 5)0

Byron-Jackson va~lable-

—.. _ — . ——- — .— . . _ .— .—. —
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speed, fourapole, squirrel-cage induotion motor rated at
110 horsepower at 10,000 rpm.

-.. . . ....

Measurements

!lhe power developod by the motor was determined from
wattmetor readings of the power Input and from a motor
callbrationm A constant ratio of voltage to frequency was
maintained throughout the test to insure that the callbr-
tlon would be applicable for every operating condition.

The net thrust or drag was measured by the drag bab
ancee

Oorreotions

Due to the method of obtaining dual rotation, gear
loaeee were encountered. At the time of the motor calibra-
tion, the gear logees at various tapeeds and loads were deter-
mined. This 10SS was applied, ae a correction, to the power

“developed by the motor.

The effective velocity for a propeller operating In a
wind tunnel is not the same as the test+sectlon datum velocity,
due to the constraint of the airstream by the tunnel walls.
To d~termlne the ~equivalent free airspeed, w a correction
baeed on Glauert~s treatment as found In reference 1 was
applied-

Test Procedure

In tho tests, airspeed was varied while the propeller
rotational speed was held constant, The propeller rotational
speed was eet at a value limited either by power available or
by a blad~tip Mach number of 0.4, and the airspeed was then
varied, in suitable steps, from 30 to 370 feet per eeoond,
Both the rotational speed and the airspeed were then reduced
and a similar prooedure followed until thg desired range of
advance ratlo~ was covered.

SYMBOLS AND 0013FFICIEM!CS

The SymbOIB and coefficients used in this report are
defined ae follows:

.—- . -—
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thrust coefficient (T/pnaD4)

thrust coefficient (T/pV*Da)

advance ratio

torque absorbed by the propeller9 foot-pounds

power absorbed by the propeller, foot-pounds per
second

airspeed, feet por second

propeller rotational spead, revolutions per second

propeller diameter, feet

maas density of air, elugs per cubic foot

effective thrust: th~ measured thrust of the plmopellcr-
model combination plus the drag of the model meas-
ured without the propeller (propeller thrust minuc
incremental drag due to tho elipstroam)

propoller-blade angle at the 75-percent radius

weight of the eirplane, pounde

wing area, equare feet

airplane drag coeffiolent

increment of drag coefficient

gravity conetant, feet per eecond per second

rate of change of velocity with time, feet per second
por second

time, second

distance, feet
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RX SULTS MD DISCUSSION

. ,, -.-
It is well known that data ~erived from model-propeller

tests at low Reynolds numbere are not applicable to calct+
latlons of full-scale performance, nor is it possible to
extrapolate, with acouracy,
However,

model results to full scale.
the data given in this report should give an 3ndl-

. cation of full-scale properties and will serve to extend
previous tests of propellers at negative thrust-

The propeller data have been presented In a form to be
/—’

used for the calculation of flight problems of airplanes
equipped with constant-speed propellers Curves for the
four propellers ehowlng the variation CT with “ V/nD and

T= with nD/V with lines of constant-torque cooffloient

aro shown in figures 6 to 9. Yrom those curves, the negativc-
thrust coefficients may bo detormlned for an alrplano in do-
coleratad flight while oporatlng at a constant-power coeffi-
cient. With tho uso cf the additional curvee showing lines .
of constant blado angle in placo of constant-power cosffi-
ciont (figs. 10 to 13) all propoller data that may be roqnirod
are ohtaiaableo This form Is also of valuo for braking Drk
pellers oporatlng at a single negntive blade angle. ccllcu-
lations for this propeller require a second approximation of
the advance ratios to account for the variation of revolutions
per minute with chango in torque coefficient that results from
the pitch reversal and the subsequent changes in velocltye The
revolutions per minute variation with torque for the engiilc of
the airplane in question must be available.

An examination of the data at n given blade angle rovoals
a variation of propeller characteristlce with solidity. A50ve
values of V/nD = 2, thrust varies proportionally with nunber
of blc,des. However, for lower advanco ratios, the thrust de-
velopod by the eight-blade dual propeller is not proportion-
ally greater. It is noteworthy that the torque coefficient
ohanges in the same mzmner, indicating that the reduction in
thrust coofficlont ie a propeller effect, not a change in re-
sults due to some unique characteristic of the modoln The of-i
feet of type of rotation Is shown In figure 140

m. h equation showing the relation between velocity and
deceleration is desirable for applying the data to the solu-
tion of flight problems.

— .—- .-
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Por an airplane diving at a constant anglet

.-,

6

Propeller

the decalorating forca iB

3’= (a~rplane drag)- (propeller thrust)- (~ravity force) (1)

where

propeller thrust = !fcpVaDa or a4
CTpn D

airplane drag = l/2pv%cD

gravity forco = W Oin a

Then

‘=-c;;:}+l’apvasc.-w”na(a)

r..-~a% (3)

-1

—. _
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Equating (2) and (3) gives “

. -.-

m

or

%

%
a=--

W

- y a=- C5:}+1’2P’’SCD- w‘ina

.

-{ }
TcpV2Da

0% 4 + 1/2 PVa5CD - W sin CL
CTpn D

.

7

Certain factors will remain constant for a constant-
speed propeller: I), n, w~ S, g, CD, and p. (For a first
approximation CD and may be assumed to be constnnt,)
By choosing several valu~s of advance ratio covering the
operational range, the corresponding thrust coefficients may
be found from the curves (figs, 6 to 9) for operation at the
desired torque coefficient. It is then possible to find the
relation of a to v.

In a flight problom it may be desirable to find any ono
of the variables of kinematics; velocity, deceleration, dis-
tance, and time. Given velocity and docoleration to find
distance and time. The solutions of these variables rcay bo
analytical or graphical.

To find time

dt=~
a

TO solve analytically It Is necessary to have

a= f(v)

then, integrating

v=

t

J

dV=
o-x ~

V.

Otherwise the solution must be graphical

——
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Plot the variation of 1/6 with V.

. ----- .. . - v= --- _

The area =
I

~x~p=twx
a

PO

Similarly, to find dtstance

de = Vdt

alOo

dt=~
a

Therefore

(IE!= p ~v
a

Given
a= f(v)

then, Integrat Ing

Or graphically:

Vx

f

VdV
‘o-z = ~

PO

Plot the variation of ~ with V
B

Vx

The area =
I

;xAV=sk=

v
‘o

As the airplane decreases in speed, the lift coefficient
must be Increased; resulting in a change in drag coefficient
For a closer approximation, this Increase of drag coefficient
with decreased speed must be considered. Also, If the maneuver
of the airplane results in a considerable change In altitude,
for more exact calculations, masn density should be corrected
for altitudee

1. --- -—
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TO investigate tho morite of propellers operating at
uogatlvq,,-t~rust 8s comparod to dive flaps, an analysls us Ing.
tha described methode, waa made ‘d-f-ahairplane i-n a 60b dive
and with an initial airspeed of 400 miles per hour. The co-
parison was made for three power loadings at the same propeller
diameter r.nd rotational speed and for four values of ACD due

to diva flapsm To show tho effect of diameter upon the braking
effect of propellers- a larger diameter propeller and a power
loading comparable with one of the above omses was chosen. It
vas neceesnry to modify the true increase in deceleration de--
veloped by the larger propeller diameter by decreasing the
propeller rotational speed to keep within the crttical tip
speed.

The data used for this comparison werex

Tour-blade single propeller

Power loadings = 5, 10, 20 pounds per brake horse-
power

W = 14,000 pounds

s = 376 square feet

P = 0-00205 (assumed constant) at 5,000 feet

CDU 0.023 (assumed constant)

ACD = 0.100, 0.125, 0.150, and 0,200

TO show the effect of diameter of tho propeller

D = 13 feet

Tip speed = mnD = 970 feet per second

Power loading = 5 pounds per brake horsepower

The results are presented in curves showing the relation
of deoeloration to velocity (fig, 15) and velocity to time
(fige 16). Figure 15 shows tho small effect of changes In

— .- -.
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I

power on the magnitude of the deceleration as compared to
the effect of a ohange In propeller diameter, The selection
of a propeller diameter might well be influenced by this in-
arease in deceleration. The ourves for the dive flaps show
such undesirable oharaeteristics as rapidly deoreaslng effeo-
tivcmess with deoreaelng airspeed and a oorrespondlngly high “
terminal veloolt~c Although it is possible to develop a
A@ of 0.200 with dive flaps, the buffettng, loos in control-
surface effeotlvenesO, and high wing moments at high velocity
often render the flaps unusable. .The lower terminal velocity
and the lower maximum deceleration of the propeller as oom-
pared to dive brakee giving the eamk average deaeleratlon
show the advantage of the propeller over the dive flap-

One of the momt Important uses of the constant-speed
reversed-pitc!h propeller would be to obtain additional de-
celeration when landing. 9!0 illustrate, calculation of
landing run with and without the negative thrust of the
propeller has been made for a typical case. The airplane
aesumed is a heavy, multienglne transport or bomber, equipped
with tricycle “landing gear, landing on a ooncrete runway.

These data were used:

Four , three-blade propellers

Normal rated power = 8000 brake horsepower

Touohdown speed = 120 miles per hour

.M = 95,000 pounds

W/S = 68 pounds per square foot

n = 14 rps

CD = 0.0976

The airplane Is assumed to approach the runway at 0.4
normal rated power. At the instant of contaat, the propellers
are reversed at oonstant power and full wheel brakes ~doeffb
clent of friction u 0.26) are applied.

Ourvee of ~the variation of a with Vn and Hthe vari~
tion of s with Vu have been plotted (figs. 17 and 18) for
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wheel brakes operating, braking propellers, and both wheel
brakes and brakhg propellers. ~igure 18 shows a 18nding
P* of 2635 feet for wheel brakes alone and 1s00 feet for
wheel brakes and braking propellers. This is a caving of

32 peroent of the landing run due to the use of t?onstan=
speed reversed-p~tch propellers, This reduction would be
still greater if the surfaoe of the runway had lower frlo-
tlon ooefficiente as in the ease of a wet runway.

Another illustration of the use of the oonstant-speed
reversed-p~tch propeller is g~ven. The case considered is
that of a fighter airplane overtaking a bomber and increas-
ing the firing time by braking w~th the propeller.

Curves for the var~atlon of distance with time are given
in figure 19.

These data were used:

w= e600 pounds

P= 1266 brake horsepower at 27,000 feet

D = 11 feet 2 inches (fou~hlade single propell~r)

s = 233.2 9quare feet

n= 23.85 rps (propeller)

Constant lift (level flight)

CD variable with speed

The maneuver would oonslst In approaching the bornbor at
maximum speed until within firing range. Propeller pitch
would then be reversed to reduce the epoed and obtain longer
firing time, ~or comparison, the came calculation was made
for split-flap-type aerodynamic brakes developing a ACD= 0.126,
The pursuit airplane was assumed to open fire at 1000 feet and
break off contact at 50 feet. By starting tho curve for the
bomber at 950 feet on the oSfl abeclssa, the point on the mtn -
ordinate corresponding to the Interseotlon of the pureuit and
bomber curves gives the total firing time. It is apparent that
reversed-pitch propellers give a greater Increase 2P firing
time than the Bpllt flap in t>ls case, This advantage will be
enhanced at lower pursti~t speeds.
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COMOLUSIOHS

The rosulte of the experimental investigation show thnt
constant-speed reversed-pitoh propellers possess aerodynamic
characteristics that should make them excellent aerodynamic
brakes. They are oapahle of produclag large negative thrusts,
and the varlatlo’n of thrtist with spsed (approx. linear) Is
more desirable than that developed by dive flaps. They pr-
duce oomparatlvely large ~alues of negative thrust even at
low airspeeds, and therefore are of particular utility In
decreasing the landing run and in maneuvering aircraft on
the ground. Since from this thrust study the use of pro-
pellers as aerodynamic brakes seems most promising, It is
bellowed thnt tho effects of so using the propellers on the
airplane stability and control should be investigated. Such
an investigation Is now being made.

Ames Aeronautical Laboratory, “
Xatlonal Advisory Committee for Aeronautics,

Moffett Tleld, CalIf.

REFERENCE

1. Glauort, H.: The Elements of Aerofoil find Airscrev
Theory. Cambridge University Press, 1926.

i

.—



I ‘-
—--— — —. —

2

?lg. 1

.08 .16 80

-
3

.07 .14 “q \

!j
“70

4
.06 .12 ~ \

\ 30

b/D hfb ~ \
\ B’Q

.05 .10-~
\ ,

\ 50
s
M
8

.04 .08
~

1 40

-
\

“s
\

-

.03 .06 + 30

\
I

4 ~(.75 R=20> \
.02 .04 m

\

.01 .02- ‘10

I

o .2 .6 ,8 1.OO
●4 r/R

Figure 1.- Blade-fomn curves for the Eamilton Standard conventional
propellers. 6457A-6. D, diameter:R, radius to tip; r,

Btation radius; b, section chord; h, eection thiolme$s; B. blade
angle●

.—— .- —— ..——



2.-

—-...—— ..
5
0

I“lgure %e- ueTalu3 01 aual spinner..



u#
I

I

National Advisory Committee for Aeronautics

~
(p

Figure 5.- Three view sketch of the model. WI

,- /

\



I

NACA AR.RNo. 4H26 Fig. 6

>.. -.

o 0

-.01 -.01

-s)2 *

-.03 -.03

-D4 -w

-.05 -.05

-.06 -.06

% Tc

-.07 -.07

708 .08

.09 -.03

:10 +0

+ I -J I
I I I I

-.12
\

:12

+3 -13

714 :14

+5 -15

:16 ‘.16

:17 -.17

0 .1 .2 .3. .4 .5 % .7 .6 .9 1.0 .9,9.76.5.4 .3 ,2.,0
% ‘W

. Figure 6.- Negative thrust coefficients at constant torque coefficients for
‘. the two-blade, single propeller.

\

c.
.



I

IVACAARR No.4H26

—

o

-lx

94

-CJ6

-08

-.10

+2

Tc
-.14

:18

:20

.22

:24

-.26

-28

-30

:32

Figure 7.- Negative thrust
the four-blade,

coefficients at constant torque coefficients for
single propeller:

,



NACA ARR No. 4H26 Fig. 8

0 0

-a? -02

-.04 -04

--- -m

-03 -m

-.10 -.10

:12 -J2

% Tc

:14 +4

:16 -J6

:18 :1s

:ZQ -m

-.22 -22

:24 :24

-.26 +6

-28 -23

-30 -.20

:32 -22

0.1.2 .3.4.5S 7S .91.0987 .6.5 .4.32.I O

Figure 8.- Negative thrust coefficients at constant torque coefficients for
the four-blade,dual propeller.



II

NAOA ARR No. 4H26 Fig. 9

Figure 9.- Negative thrust coefficients at constant torque coefficients for
the eight-blade, dual propeller.
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